perception of the surrounding space and emotional responses should be linked, since emotions serve to establish our position vis-à-vis our environment and keep a constant margin of safety surrounding our body (Levenson, 1994) .
Research in the visual domain suggests that environmental features (including spatial aspects) are processed rapidly and automatically (Korpela, Klemettilä, & Hietanen, 2002) . It has been proposed that humans may be adapted for life in open landscapes, that are rich in possibilities and that afford exploration, although for safety and maintaining resources, protected smaller spatial layouts may be preferred (Appelton, 1975) . In addition, not only the spatial features (e.g. small vs. big space) but also the possible interaction with an object is important for the ensuing emotional reaction (Russell and Snoddgrass, 1987) . Threatening objects such as other humans or animals invading a space will create a more arousing negative reaction in a smaller space compared to a larger space. However, the "invasion" of space might be less negative or even positive if the invader is seen positively. In fact, people want to keep close proximity (and hence prefer smaller spatial settings) to individuals with which they have strong positive emotional bond (Wolhwill, 1976) .
Running Head: Emotional Auditory Space 4 Spaces can be also heard since humans can perceive reflected sound. For example, blindfolded subjects can distinguish the size of a room by using speech and other reflected sounds (McGrath, Waldmann, & Fernström, 1996) . Other research shows that people can effectively match photographs of rooms with binaurally reproduced soundfields representing those rooms (Sandvad, 1999) . Nevertheless, multisensory research suggests that seeing a room effectively influences how people perceive the room through their ears, and that vision dominates when the two modalities are unmatched (e.g., seeing a small room and hearing a big room; Larsson, Västfjäll, Olsson, & Kleiner, 2007) .
Ample research has shown the effects of room dimensions and geometry on speech and music intelligibility, clarity, spaciousness and similar perceptual aspects (e.g., Cremer & Müller, 1982) . However, few studies have focused on the influence of the acoustical space on emotional responses to sound events, although the fact that sound events can elicit a full range of emotional responses has been proved for a variety of sounds (e.g., Bradley & Lang, 1999) . Despite this lack or research, room acoustic designers are aware of the fact that "good acoustics" require more than clarity of the sound. For example, a reverberant dining room might be nerve wracking and a highly damped room might be perceived as "dead" or "oppressive" (Knudsen, 1932) . This links directly to the effects of room dimensions on mood and other emotional responses. While some research in this area has begun to look at the affect-based judgments of music and speech reproduced with different spatial acoustic properties (Kjellberg, 2004; Västfjäll, Larsson, & Kleiner, 2002) , it is still unknown to what extent auditory space perception influences the emotional responses elicited by different sound events. This paper directly addresses the influence of spatial determinants on auditory-induced emotions. We assume that our emotional response to sound events depends on the meaning that Running Head: Emotional Auditory Space 5 people attribute to events, which stems from an interaction between the sound source, the listener and the situational context (Tajadura-Jiménez, 2008) . The auditory space is a constituent of this context because it affects the acoustic properties of the sound event itself and may also impose boundaries to the actions one can take with respect to the events. Therefore, we might hypothesize that a threatening sound, such as the growl of an aggressive dog, might elicit a substantially different emotional response if heard in a space that is small and enclosed as compared to an outdoor environment, where there might be more chances to escape. The emotional response might be also different if the sound comes from a region of the space in our visual field as compared to the situation when the same sound comes from a visually occluded location.
The present study investigates the emotional impact of different sound sources depending on the size of the space in which the listener is located and the perceived location of the source. Participants were exposed to different virtual sound sources, while room acoustic properties and sound source positions were varied across experimental conditions. To assess the effect of the meaning attributed to sound sources, both natural and artificial sounds were used. Artificial sounds in both continuous and discontinuous versions were used. The purpose of including discontinuous versions of the artificial sounds was to make these sounds more physically similar to natural sounds, which are mostly discontinuous. Emotions were assessed by self-report and by measuring changes in electrodermal activity (EDA) and facial electromyography (EMG, from the Corrugator Supercilii [CS] and Zygomatic Major [ZM] muscles). EDA is a sensitive and valid indicator for the lower arousal range (Boucsein, 1992) , while the activity of the CS and ZM muscles is linked to unpleasant and pleasant emotions respectively (Andreassi, 1995 Regarding Hypothesis 2 it should be mentioned that, overall, when no visual cues are available, people tend to locate sound sources at their back rather than at their front (Begault, 1994; Tajadura-Jiménez, Väljamäe, Kitagawa, & Ho, 2007) . This might reflect a specific attention bias on auditory perception towards the space outside one's visual field, which might also exist at emotional level.
Methods

Participants
All participants (N=20, 8 women. M age =30, range=21-66) had normal hearing and were naïve as to the purposes of the study.
Materials
Participants sat in a dark sound-attenuated room where the walls and ceiling were covered with black cloth drape, which made difficult for participants to estimate the size of the physical room.
Running Head: Emotional Auditory Space 7 Eight sounds were used: Four natural sounds ('dog growling', 'duck quacking', 'woman screaming', 'man laughing') and four artificial sounds (a single sinusoidal tone having a frequency of 262.6Hz (the note C); a string sound played in a major 7 th dyad (the notes C and B, fundamentals 262.6Hz and 494.8Hz); and their discontinuous, 0.25s-intermittent, versions, where the 0.25s-silence periods contained only the reverberation of the sound). The sounds were chosen to be of different types ('natural animal', 'natural human', 'artificial continuous', 'artificial discontinuous') and emotional categories (for each type, one emotional 'negative' and one 'neutral', non-negative, sound source). Sounds were categorized into 'negative' or 'neutral'
according to the emotional ratings given for similar sounds in previous research (Bradley & Lang, 1999) . All sounds had an approximate duration of 5.5-6.5s.
Three rooms were acoustically modeled using the auralization software CATT (www.catt.se; models available upon request). Presenting participants with simulations of auditory environments allows for instant switching of the "virtual" size of the room from condition to condition, gaining experimental time 1 . The simulated rooms were a 400-seat, No visual input was used, except from a small LCD-screen used for the self-reports, together with a gamepad. Presentation® software was used to control stimuli delivery.
In addition, a BIOPAC-MP150 System was used to record the physiological signals of participants while listening to the sounds. The signals were sampled (at a rate of 3125Hz for EMG and 390.6Hz for EDA) and amplified. AcqKnowledge software controlled the digital data collection.
Procedure
Participants first completed a short practice block and then two experimental blocks, both containing all sound conditions presented randomly. After each sound, participants answered some questions that differed for each block. In the first block, participants rated their feelings towards the sounds using the Self-Assessment Manikin (SAM; Bradley & Lang, 1999) , and a horizontal visual analog (VAS) scale, ranging from "very safe" to "very unsafe" (safeness). In the second block, participants were required to estimate the room size and the distance to the sound source using a horizontal VAS scale ranging from "very big" to "very small", and from
Running Head: Emotional Auditory Space 9 "very far" to "very close", respectively. During the experiment, self-report and physiological data for each trial were collected.
Design and data analyses
A within-participants experimental procedure was used, with every participant experiencing all sound conditions. There were 48 possible sound conditions with a 4 x 2 x 3 x 2 factorial design (Sound Type ['natural animal', 'natural human', 'artificial continuous'. 'artificial
Self-reported valence and arousal ratings were used as dependent variables for two multivariate ANOVAs (MANOVAs) where Wilks' Lambda was used as the multivariate criterion. The remaining data from the various different conditions ratings were submitted to repeated-measures analyses of variance (ANOVA). The physiological data were averaged for each condition across the two experimental blocks. Alpha level was fixed at .05 for all statistical tests. Greenhouse-Geisser correction was used to correct for unequal variances.
Physiological recordings were individually inspected for possible artifacts. EMG signals were band-pass filtered (10-400Hz; Andreassi, 1995) . Change z-scores were calculated separately for each signal by subtracting the average response for each 1-s interval for the 7s following sound onset from the mean activity during the 1s preceding sound onset (baseline), yielding seven time intervals per sound (Dimberg, 1990) . For the factorial analysis, the average of the EMG change scores from 0 to 5s following sound onset and the average of the EDA change scores from 2 to 7s were used.
Results
Manipulation check
This check was performed to explore whether participants' emotional experience and room size perception was successfully manipulated with our experimental stimuli. We first looked at the effect of the different sound events on emotional responses. Results revealed that sounds categorized as 'negative' were rated as more unpleasant and arousing, led to a greater feeling of unsafe situation and elicited a stronger physiological change (reflected in CS muscle activity and EDA), than their 'neutral' counterparts (see Table 1 for means and statistical values).
The factor 'sound type' also had a significant effect and interacted with the factor 'sound emotional valence': The 'human negative' sound source was perceived as the most unpleasant, arousing and unsafe, and elicited the largest physiological response (CS muscle activity and EDA), followed by the 'artificial discontinuous negative', the 'animal negative' and the 'artificial continuous negative' sources. No significant effects were found for the ZM muscle activity.
Second, by looking at the estimations of room size made by participants, it was clear that participants identified the acoustically simulated 'big' room as the biggest room, followed by the 'outdoor' and the 'small' room (see Table 1 ) 2 . The estimation of distance to the sound source was related to the simulated room size, as participants perceived the sound source as most distant in the 'big' room.
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Hypothesis 1: Effects of Room Size
This hypothesis predicted an interaction between the room size and the type of sound source on the induced emotional responses. To explore this hypothesis we first looked at the overall emotional impact of 'room size' on participants. Sounds occurring in 'big' rooms were considered more arousing and unpleasant, and led to a greater feeling of unsafe situation, than those occurring in 'small' rooms (see Table 1 ).
Next, to directly test Hypothesis 1, we looked at the interaction of the factors 'room size'
with 'sound type' and 'sound emotional valence'. Results showed that all factors interacted significantly. In particular, results (see Figure 1) showed that 'room size' interacted with 'sound emotional valence'. The effect of 'room size' described above was pronounced in the SAM ratings only for the 'neutral' sound sources, but not for those categorized as 'negative'
(F(4,74)=4; p=.005, Λ=.67).
Results also showed that the elicited EDA significantly depended on the interaction of the factors 'room size' and 'sound type' (F(4,75)=2.8; p=.032): Natural sounds in the 'small' room elicited lower EDA than in the other rooms (see Figure 1) 
009). No paired t-test comparisons
reached significance for the other sound sources. There was no significant effect on the CS and ZM muscle activities.
[ Figure 1 ]
Discussion
The results of the current study highlight the influences of auditory space perception on emotional responses to sound. Smaller auditory-rooms were considered as more pleasant, calmer and safer than big rooms, although these differences seemed to disappear when unpleasant sound sources were present. In addition, sources perceived behind the listener were more arousing than sources that listeners faced to. Importantly, these effects were mainly pronounced for natural sound events.
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Our Hypothesis 1 predicted an interaction between room size and the emotional valence of the sound source. In analogy to the visual case (e.g., Russell and Snodgrass, 1987), we expected unpleasant events to be perceived as more negative when the space surrounding the listener is reduced. Instead, our results showed that, overall, the big spaces ('big' and 'outdoor' rooms) were considered less safe and evoked more unpleasant and arousing emotional responses on listeners than small spaces, as registered by subjective and physiological measures. Moreover, this effect of room size only reached significance for the sound sources categorized as 'neutral', having little, non-significant, effect on the responses to 'negative' sources.
A few studies provide support for our unexpected findings. One shows that the difference between two settings (a nature trail or a busy urban street), which are perceived as having different restorative potential (i.e. potential to reduce stress or attention fatigue) in a low-danger condition, is eliminated when a source of danger is present (Herzog & Rector, 2009 ). Another study shows that neuroticism, which is typically accompanied by negative affect, is associated to a preference for smaller settings (Küller, 1971 ). Yet other studies have shown that a small reduction of reverberation time of unpleasant sounds presented during sleep reduces the number of arousal responses (Berg, 2001) , while long reverberation times when listening to music and speech are perceived as most unpleasant (Västfjäll, et al., 2002) .
We propose a tentative interpretation for the disparity between our results and those obtained in the visual domain. Following a motivational approach to emotion (Cacioppo & Gardner, 1999) , it has been proposed that affect is processed by two distinct systems: one for negative, threat-related information, and another for positive information. These two systems might respond to auditory spatial cues in different manners. If a threatening event takes place, the listener might only focus on the specific event that signals the alarm and calls for action.
Running Head: Emotional Auditory Space 14 Then the visual system might take lead, since it can provide the most of the information about the spatial surrounding. However, if no threats are detected, the auditory exploration of the surrounding environment might continue, and then, other auditory cues, such as the spatial ones, might gain importance. This explanation goes in line with the notion of the auditory system acting as an alarm system, whose main mission is to inform of potential threats as soon as they are detected (Juslin & Västfjäll, 2008) . It is easy to keep track of all auditory changes in a small and intimate setting, and people might associate such room with a safer shelter. Clearly, more research combining visual and auditory room information is needed in order to understand these spatial influences on induced emotions.
We also predicted more intense emotions for sound sources located behind rather than in front of the listeners (Hypothesis 2). Results confirmed that sounds from 'back' locations, especially natural ones, led to an increase in subjective and physiological arousal. These results might suggest the existence of an auditory attention and emotion bias towards the space outside one's visual field. This is in line with previous results showing a greater tendency to locate sound sources at our back when no visual cues are available (Begault, 1994; Tajadura-Jiménez, et al., 2007) . These findings also partially support our interpretation of the results deviating from Hypothesis 1. We suggest that auditory and visual systems complement each other: The former is in charge of detecting possible threats and alarming (Juslin & Västfjäll, 2008) , in order to shift visual attention focus to obtain more detailed spatial information. This interaction of perceptual and affective systems may help to sustain a constant margin of safety around our body (see embodied emotion theories; e.g., Niedenthal, 2007; Tajadura-Jiménez, 2008 ).
Our results showed some different effects for natural and artificial sources. One possible explanation for this difference might be that human sensory systems are tuned to detect and Running Head: Emotional Auditory Space 15 identify natural sources, rather than artificial, synthesized sounds. It should be also noted that for the continuous artificial sounds it was more difficult for listeners to extract the reverberation room cues than in the other types of sounds, which might account for a lack of influence of the room size manipulation on the emotional response to these sounds.
We verified that our selection of 'negative' and 'neutral' sounds had the expected distinct emotional impact on listeners, as confirmed by subjective and physiological measures, and that participants were sensitive to the "virtual" change of auditory room size. However, a number of limitations should be pointed out when considering the present results. First, the limited selection of sound sources, room auralizations and source positions makes it difficult to generalize our results. Future work should therefore extend this work to explore other conditions. Second, intercultural studies might reveal different effects for people accustomed to spend more time outdoors. Third, it may be useful to perform a similar study where listeners are in different "physical" (and not only "virtual") rooms, since awareness of being in the same room during the experiment might have influenced the results. Furthermore, it might be worth to explore the mentioned effects by creating situations where people can interact with the environment (e.g., gaming), in order to understand how humans might behave in real threat situations. Most importantly, future research needs to address the disparity between our results obtained via purely auditory stimulation and conflicting results from visual domain. Multimodal simulations using either virtual or real environments could offer possibilities to investigate multisensory interaction effects in room perception and emotional processing.
Footnotes
1 From all acoustical indicators, reverberation (or late sound reflection) has the strongest effect on room size perception, as has been confirmed for both real and modeled rooms, but also the temporal distribution and level of early reflections influence auditorily perceived room size (see Cabrera, 2007) . The auralization software uses well-established and verified physical modeling techniques to simulate both early and late reflections (Dalenbäck, 1996) ; hence one can assume that the correct room size perception is achieved by the auralizations. Note. The upper panel shows the effects of the different sound objects in mean valence and arousal ratings (in a 9-point scale); mean perceived safeness (in a VAS scale with corresponding coordinates ranging from -450 to 450); mean corrugator supercilii muscle activity (CS; z-score); and mean electrodermal activity (EDA; z-score). The lower panel shows the effects of the different room auralizations in mean valence and arousal ratings; mean perceived safeness ; mean perceived room size (in a VAS scale with corresponding coordinates ranging from -450 to 450);
and mean perceived distance to the sound source (in a VAS scale with corresponding coordinates ranging from -450 to 450) . Parentheses give the standard errors for the mean. 'Neg.' stands for 'Negative', 'Neu.' for 'Neutral', 'ST' stands for 'Sound Type', 'SEV' for 'Sound Emotional Valence', n.s. for 'non-significant'.
